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Objectives: Computer tomography (CT) is the most widely used diagnostic modality in the routine eval-
uation of distant metastatic disease. We aimed to evaluate the role of Multidetector CT (MDCT) in local
staging of cervical malignancies.
Patients and methods: In this prospective study 26 patients with pathologically proven cervical malignan-
cies performed postcontrast MDCT of the abdomen and pelvis for local staging. Reconstruction of images
was performed in the workstation. In a sample of 12 patients an extended study in which delayed images
were obtained for more accurate ureteric evaluation. Data were analyzed using SPSS and McNemar test
was used to calculate accuracy.
Results: The overall accuracy of CT was 61.5% excluding the discrepancy in staging between CT and exam-
ination under anesthesia (EUA) due to distant metastases (three cases had distant metastases in CT which
was not evaluated in EUA). This value was raised to 77% if vagina was assessed clinically rather than by
CT.
Conclusion: In cervical cancer; CT gave better results in staging of advanced cases than in early staged
ones. Local staging was improved by acquisition of delayed scans.
 2016 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).1. Introduction
Cervical cancer is the third most common cancer among women
after breast and colorectal. There is also a greater incidence in
developing countries and in low socioeconomic classes [1].
FIGO staging of cervical cancer is entirely clinical and does not
rely on surgical-pathological findings. This is mainly to achieve a
staging system that is universally available and as cervical cancer
is more prevalent in developing countries only clinical methods
are universally available. However for the first time the committee
encourages the use of imaging techniques [2,3].In previous literature, many studies gave poor CT results in
evaluating cervical carcinoma yet they had lacked the privilege of
high quality reconstructed images and relied only on axial ones.
The aim of this work was to study the added benefit of multide-
tector CT in the local staging of cervical carcinoma (see Figs. 1–3).2. Patients and methods
2.1. Study population
This study is a prospective analysis approved by the ethics com-
mittee of the Scientific Research Review Board of the Radiology
Department, National cancer institute, Cairo University. Included
patients had given informed consent to use their data in research
studies. Radiation safety committee approval was taken by the
Biomedical engineering Department – Cairo University.
The study performed during the period from June 2013 to
August 2014.cl Med
Fig. 1C,D. Case 1: Coronal images demonstrating, C: left ureteric tapering and
dilatation(arrow). D: Lefthydronephrosis.
Fig. 2A. Case 2: 58 years old patient with history of postmenopausal bleeding of
1 year duration. Coronal image demonstrating huge cervical mass invading upper
and lower vagina (arrow).
Fig. 1A,B. Case 1: 41 years old patient with history of premenopausal bleeding of
6 month duration. Sagittal (A) and coronal images (B). (A) Heterogenoushypoat-
tenuating cervical mass is seen extending to fundus. (B) Together with infiltration of
the bladder from its inferior aspect causing enhancement of bladder wall (arrow).
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cervix with their ages ranging from 31 to 88 years. The patient
were referred from their departments (Surgery or Radiotherapy)
based on their physician request to perform multislice CT for
staging.
2.2. Methods
Post contrast CT examination of the abdomen and pelvis was
performed using 64-detector scanner (Light Speed VCT sys-ctbay
99, GE Healthcare, USA).
2.2.1. CT technique
Prior scanning, 1000 ml of oral contrast medium was adminis-
trated 3 h earlier for proper bowel opacification. Image acquisition
was performed 70 s after contrast administration. The contrast
agent used was ‘‘Telebrex”, the dose is 1.1 ml/kg body weight, with
a total dose ranging between 60 and 120 ml. In cases with known
sensitivity to contrast; ‘‘Omnipaque” was the alternative agent, the
dose is 50–200 mL (Omni 300); 60–100 mL (Omni 350). The con-
trast was injected either by the injector. The scan time lasts about
20 s. All the patients were examined in the supine position. In a
sample of patients delayed images were obtained (after 7 min)Please cite this article in press as: Helal MH et al. Loco-regional staging of cervic
(2016), http://dx.doi.org/10.1016/j.ejrnm.2016.11.006for better ureteric visualization of both ureters especially in the
coronal view.2.3. Image reconstruction
Axial images with a slice thickness of 0.6 mm were obtained for
each case. Coronal and sagittal MPR (multiplanner reconstruction)al carcinoma: Is there a place for Multidetector CT? Egypt J Radiol Nucl Med
Fig. 3B,C. Case 3: Delayed images after 7 min of contrast injection showing (B) free
left ureteric insertion within the bladder (white arrow), (C) Free right ureteric
insertion (dashed arrow).
Fig. 2B. Case 2: Axial image demonstrating displaced uterine body causing
compression at the anatomical site of ureteric insertion in the bladder, hydrometria
is noticed (black arrow).
Fig. 2C. Case 2: Sagittal view, Cervical mass invading the vagina, no signs of bladder
or rectal invasion. A benign endometrial polyp is seen within the uterine cavity.
Diagnosis was cervical Squamous Cell Carcinoma.
Fig. 3A. Case 3: 71 years old patient with history of postmenopausal bleeding of
one month duration.:Sagittal image showing a cervical hypoattenuating mass
distending the cervix and obliterating cervical canal causing retained secretions.
Fig. 3D. Case 3, Axial image of the abdomen showing a suspicious paraaortic lymph
node (arrow). Diagnosis was cervical adenocarcinoma.
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(2016), http://dx.doi.org/10.1016/j.ejrnm.2016.11.006images were generated from the native axial images on the work-
station with a slice thickness of 0.5 cm.
2.4. Image interpretation
CT images were analyzed for the following parameters:
(1) General configuration of the cervix.
(2) Detection of the focal soft tissue infiltration guided by its
enhancement and estimation of its size.al carcinoma: Is there a place for Multidetector CT? Egypt J Radiol Nucl Med
4 M.H. Helal et al. / The Egyptian Journal of Radiology and Nuclear Medicine xxx (2016) xxx–xxx(3) Seek for signs of extrauterine extension in the form of inva-
sion of the parametrium, pelvic wall, ureters, vagina, urinary
bladder and rectum.
(4) Find features suggestive of metastasis as adnexal masses
and/or pathologically enlarged lymph nodes.
Table 1: staging was performed according to the FIGO staging
system [4].
The standard of reference was data supplied by surgery or
examination under anesthesia (EUA).2.4.1. Data and statistical analysis
Data were analyzed using SPSS win statistical package version
17. Numerical data were described as medians and range. While
qualitative data were described as frequencies and percentages.
McNemar test was used to calculate accuracy.3. Results
The included cervical masses were squamous cell carcinoma
(19 cases), adenocarcinoma (5 cases) and malignant melanoma
(2 cases) representing 7.7% and rhabdomyosarcoma (1case) repre-
senting 3.8%. One case with squamous cell carcinoma was
excluded from the final results due to incomplete data.
General complaint in the 26 patients was vaginal bleeding
except for two cases, one had associated supraclavicular mass
and the other had left inguinal mass as the only symptom.Table 2
Staging findings of MDCT in the included cervical masses:in correlation with the surgical
Periureteral fat invasion Free
Invaded
Undetermined
Upper vagina Free
Invaded
Undetermined or not reported
Lower vagina Free
Invaded
Undetermined or not reported
Pelvic wall Free
Invaded
Iliac LNs Free
Invaded
UB Free
Invaded
Rectum Free
Invaded
Undetermined
Undetermined items in pathology or EUA (examination under anesthesia) were not incl
Table 1
Staging performed according to FIGO staging system [4].
Stage 0 No
Stage I IA No
IB No
Stage II IIA Thic
IIB Irre
Para
Obl
Stage III IIIA Thic
IIIB Tum
Dila
Stage IV IVA Thic
Obl
IVB Tum
Please cite this article in press as: Helal MH et al. Loco-regional staging of cervic
(2016), http://dx.doi.org/10.1016/j.ejrnm.2016.11.006Regarding menstrual history 54% were postmenopausal and 46%
were premenopausal.
Table 2 demonstrates CT staging findings in the included cervi-
cal masses: in correlation with the surgical pathology or examina-
tion under anesthesia (EUA).
In CT 69.2% of patients were free from periureteral fat invasion
while 50% were free in EUA/pathology.
Patients that had free upper vagina on CT examination com-
prised 53.8%, while only 30.8% proved to be free. Demonstrative
case of vaginal invasion (Fig. 2).
The overall accuracy of CT was 61.5% excluding the discrepancy
in staging between CT and EUA due to distant metastases (three
cases had distant metastases in CT which was not evaluated in
EUA). If we exclude vaginal assessment from CT and rely on the
clinical assessment, then the accuracy will be raised to 77%.
When accuracy results was compared to pathology alone
(excluding cases compared to EUA), the values were better; as it
was raised from 66.7% to 83.3% provided the consider of clinical
evaluation of the vagina. This implies that EUA should not be used
as a gold standard for comparisonits results are not accurate.4. Discussion
In FIGO staging, some studies concluded that the use of imaging
in the assessment of cervical carcinoma is not superior to physical
examination. In contrast, many studies have suggested that
imaging is an important work-up tool and should be included in
staging [5].pathology or examination under anesthesia (EUA).
CT % Pathology or EUA %
18 69.2 13 50
8 30.8 11 42.3
2 7.7
14 53.8 8 30.8
12 46.2 15 57.7
3 11.5
23 88.5 18 69.2
3 11.5 6 23.1
2 7.7
25 96.1 24 92.3
1 3.9 2 7.7
20 80 6 –
5 20 3 –
23 88.5 23 88.5
3 11.5 3 11.5
25 96.2 25 96.2
1 3.9
1 3.8
uded in the patient’s report.
tumor present
tumor present
tumor present or doesn’t alter cervical contour
kening of vaginal wall (upper two thirds)
gular lateral cervical wall
metrial mass or strands
iteration of periureteric fat
kening of vaginal wall (lower two thirds)
or extends to obturatorInternus, pyriformis or levatorani muscles
ted ureter
kening, nodularity, serration of bladder or rectal wall
iteration of perivesical or perirectal fat
or in distant organs
al carcinoma: Is there a place for Multidetector CT? Egypt J Radiol Nucl Med
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[6] in the assessment of parametrial invasion, categorization of pel-
vic lymph nodes; whether abnormal or not and characterization of
stage IA carcinoma. Their overall accuracy of staging cervical can-
cer was 83% compared to 66.7% (in correlation to pathology only)
in our study. Accuracy of parametrial invasion was 92% compared
to 77.8% (in correlation to pathology alone) in our study [6].
The low accuracy of our staging in comparison to Tsili et al.was
affected by factors which represent a challenge to CT imaging. Two
cases of our limited sample (n = 27) were underestimated by CT
due to the presence of melanoma deposits on intestinal loops in
one case and urethral infiltration by the tumor in another one.
These features are difficult to assess by CT imaging.
HO et al. compared between CT and MRI in staging of 20
patients diagnosed with cervical carcinoma. They declared that
MRI is more precise in detecting parametrial infiltration than CT
and EUA and recommended the routine use of MRI in conjunction
with clinical staging to get best results in determining the appro-
priate therapy for patients diagnosed of cervical carcinoma [7].
Mitchell et al. in 2006 also compared CT and MRI on larger scale
population of 208 pateints and consulded the same data. They
added that both methods showed high accuracy for evaluating
the cervical stroma [8].
A study conducted by Saksouk, for evaluating CT accuracy in
staging cervical carcinoma. He reported that the accuracy of CT
scanning increases in the setting of advanced disease, as high as
92% in evaluating patients with stage IIIb–IVb disease. However,
the accuracy of CT scanning in the overall staging of cervical cancer
is about 58–88% in comparison with 76–92% for MRI [9].
Ozarlic et al. study reported that the accuracy of staging for
clinical examination when compared with surgical findings was
only 47% and that clinical examination gave the least accurate
results when compared to CT or MRI [10].
This complies with the results of our study which proved
improved accuracy in the different parameters of staging and in
the overall staging when results were compared with those of
the pathology alone rather than pathology and EUA.
Regarding vaginal assessment, clinical assessment is very
important. In our study if vaginal invasion is estimated clinically
without relying on CT, the accuracy of staging in our study will
improve by 15.5%. This agrees with Koyama et al. which stated
that regarding vaginal involvement, CT and MRI did not show ben-
efit over pelvic examination for assessing vaginal invasion [11].
In Prasad et al. study, 61.5% of patients with cancer cervix
showed vaginal involvement with an accuracy of 47.2% [12] com-
pared to accuracy of 75% in our study. We assume that the low
accuracy in Prasad et al. study was due to absence of image recon-
struction (sagittal and coronal reformatting) together with com-
paring results with only clinical examination.
In our study there were sample group of patients (12cases) for
whom we had performed delayed post contrast CT images (case 3,
figures B, C) to check if there is an added value for the increase in
the scan duration over the diagnostic performance. We observed
that such images provided better delineation of the periureteral
fat and anatomical landmarks. We observed that the interobserver
variability was decreased when the delayed images was consid-
ered in the assessment and moreover aided in determining
parametrial invasion with an estimated accuracy that was raised
from 61.5% to 72.7%.Please cite this article in press as: Helal MH et al. Loco-regional staging of cervic
(2016), http://dx.doi.org/10.1016/j.ejrnm.2016.11.006We recommend a delayed post contrast CT scanning (7 min
after IV contrast) on the pelvis to be integrated as a part of specific
protocol for imaging of patients diagnosed for cancer cervix.
An issue has been raised in our study, which is lymph node
assessment. The FIGO staging system doesn’t include evaluation
for the state of the regional lymph nodes. This represented a major
drawback and affected our all over estimation for the advanced
stages of cancer cervix. This was explained by Petsuksiri et al.
who stated that the advanced imaging is not employed widely in
the endemic countries of the cervical cancer. The recent FIGO
2009 has only encouraged the usage of advanced diagnostic imag-
ing rather than recommended their application for a complete
staging work up [13].
5. Conclusion
In cervical cancer, CT gave better results in staging of advanced
cases (III and IV) in comparison with early staged (I and II) cases.
Multislice CT gave lower accuracy for parametrial and vaginal inva-
sion yet local staging was improved by acquisition of delayed
scans.
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